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» k 1 ♦ 

mi 2002-363990 ^-vl 1/ 

[If*]^3] . mUyi^mi^^^m^mit^mK Ca2+, Mg2+, A13+, f 
e2+/3+. Cu2+, Z n^+RZ/B a^+t-h^J:^^:^-hmifi^i^^^m±m^ 

imim 5 1 HuiE:6:o°p56^ 1 2 0 'x:\^x±.x-i]mwm'^fth±^ux-h^ - 1 

o 

tcfem(7)Sp|^pa:i:p°p<7)^3i:^-^o 
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2002-363990 ^-vl 2/ 

Ummi 1] HUia7Kv§tt^fffi^Sjk'^!^7!)^ Ca2+. Mg2+. A 1 3+, 
Fe2+/3+, Cu2+, Z n^+RZ/B ^^-^-hMllR^tl^^m^m^ ^ 

mim. 1 3 1 HufS:i:p°p75^ 1 2 0 "Cl^X^LX-Dmrnm ^Kh^^u-ch^:! 
^^#f!^.h-r^li^^9^v^Li 2<^v^-rn;6^i]gcfafc<7):g:p°Po 

o:i:p°no 

[0 0 0 1 1 
[0 0 0 2] 

[0 0 0 3] 
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[0 0 0 4] 

Chemical Research in Toxicology 13: 517-522(2000) 
[0 0 0 51 

Nature 419, p. 448-450 (2002) 
[0 0 0 6] 

[0 0 0 7] 

xmiffz ^ ■^-■^ryr-m < ^ t'<DMuxmmmm-r^:kShiiZ}3\^^x i> mi*. # 

[0 0 0 8] 
[0 0 0 9] 
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tfil 2002-363990 ^-vl 4/ 

[0 0 10] 

( 1 ) TK-M^^fffi^Slb-^t? i mat h :l t^mkt-r ^ )vr \ K ^ 

[0 0 11] 
[0 0 12] 

(3) mUa^xn^^m^mit^W. Ca2+, Mg2+. A13+, Fe2+/3+ 

^ Cu2+. Z n2+S.t;^^B a2+^-^^<2)^>e»-fb^^^tL>S#'iffi4feJl-r 5f>=^lJP^il 
m.m(D^^x^^r^^^^Libnhi\:^^'Ch^z.t^^^m.tir^ (i) Xii (2) 

[0 0 13] 

(4) wm^^niiUt^ m.^w/jL^im.m^'ktfi^z.ti^WLt-t^h (i 

[0 0 14] 

( 5 ) 1 2 0 t:J':J.±T'Sni??tPa^ tL^:i:p°nT'*;i, c <5: 

i-^ (1) ^v^L (4) <7)v^-rn7&u:^tcfe^<7)SDI^pa:fep°p<7)Mit:^^o 
loo 1 5] 

(6) mtmnmmij^. mm^f. 'if!p)!bximmz.i.^ni^n^ (5) K%m 

[0 0 16] 

(7) miis:fep=?,;^^ mm. -^^h. n.m^^m=f'. m.m.m^m^. mm%^ 

i}-hm^^ixz>'k.ffnx-hh (1) 'tv^L (6) (D\^^irM-\m^%m,<^im^mm 
:fep"p<^^it:^-^o 

[0 0 17] 
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t^^wct-t^ (2) ^i/^L (7) (r>\^^irM-ii^iztm(7)i}mmmm^'k^u<o 

[0 0 18] 

[0 0 1 9 J 
[0020] 

(11) mma^mn^m^m^t^mK Ca2+, Mg2+, A13+, Fe2+/3 

m^X-^j&Ln^it^'^X-^:hzt^S^W:t-r^ (9) (10) tcfS«<D:i: 
□ 

nno 

10 0 2 1 ] 

(12) H(ifE:i:p°ntc{i, m^Rvyxamm^^tn^ z t ^mwit-th ( 

9) 'fcv^L (11) o\/^TtL75M]^nfEm<7):fep°Po 

[0 0 2 2] 

(13) Bi)IS:fepn7&^ 1 2 0 t:J'J«±-cJ!)n^^p3a ^fi^-^^aXi^ ^^t ^WWl 
t-r^ (9) >^v^L (12) <7)v^-r:h.7i>^l5t^fBfc^0:^p°Po 

[0 0 2 3] 

(14) mt^ummm-^K immf. ')i^^it>xi±mmzx^^=ft>ti^ (13) 

[0 0 2 4] 

(15) Hufe:tB°«7&^\ a^ffi. ^^h^ Bcm^tfm^^. fornix 

^;5^f?il^$n^:fen°«-e^)-& (9) >^v^L (14) co\/^-rtL7&U]^icfdfc<7):^o°p 

o 

[0 0 2 5] 
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#iB 2602-363990 ^- V : 6/ 

[0 0 2 6] 
[0 0 2 7] 

[0 0 2 8] 
[0 0 2 9] 

C a2+^^<[:'^tJ : tafL^^i^v-^ A, i^mitiJ )^ -t^ . f :^ ^l- v A , ^* 
— 7|c^:^;i/v'i7A, J^i^^:^;Uv'^7 A, 'J >^z:7K^*;l'->'> A, /N-^hr-^ 
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^-v: 7/ 



^•!7A, 

B a^+^m^t^^ : ia'fb^-^ '; -^a, -^a 

[0 0 3 0] 

v'>A^^'fbvi5'*^v'>A^c7)m'ft:t?{i. TKtK^^LX. ^tL^'ti7Kmtti)Uiy 
•^A^TK^^b-^^r^.v'^Ali^^) X$>'^Xi>. :$:5|H>g<7)7Kv#14^fflli^JR'fb^t? 

[0 0 3 1 ] 

m \z \z $tt^r^";;i^T5 Ki^ ® it'f bi" ^^t ^^x # m m it 

0 0 g (2 5t:) mmii}^±x$):h^tmmi^m<7)mA:^-ht^t lv^o 

[0 0 3 2] 
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[0 0 3 3] 

[0 0 3 4] 
[0 0 3 5] 

^mM<^yKmii^m^mit^!^m\'(D^t'kmt^m Lxmm-r^ :zti>x^^o 

[0 0 3 6] 
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mM. 2002-363990 ^-v: 9/ 

[0 0 3 7] 

o 

[0 0 3 8] 

f-y^V-fT.^ -y^^Y^^^y (■7^>^-7^-r) , ^'^-^tf, =r - > ^ 

>^^^B^^^ j#tfv^'^-7-r. 'M^i^i-^-^-f, fiif^^. mtf7>^ 

[0 0 3 9] 
[0 0 4 0] 
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^-v: 10/ 



[0 0 4 1] 

^ o 

[0 0 4 2] 

i^zmmii^j: < . m^xm'^ i m-^jn-t-^ c ^ 2 muk^mu-r^ zti>x-^^o 
^is. v^7-. pi^. m^m^zx<o^mM<D7Km^^m^mit^^immi-^ 

[0 0 4 3] 

mzmmir^ zti^zx^. ^m±m^ t l. t^vj^t^ vi^mti^j^m 
^mt^zt-fy^x^:^o i}ni^m^^^^iiijm^k<D'kaaizis\^^xii. ^m^m^t 

^y^^^m. r<^m. mn. mm'&xf^<D\^(D^^uj^6f\zmwLfz^m. nn 
[0044] 

izmmt^j: < . :kffa(7ymmMm<Dmw^j:nmizmwt ^ zt^^x^^bo m(o^^ 
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^-v: 11/ 



xiom^'L fz^rnxm^-t ^zti>x^^o 

[0 0 4 51 

^§km<7)iimzis\^^x. mmm<D'i!^mRv'mmii. ^^m^mm-r^:k^ui<z 

i<z:^^m<D-:fjm^mmir^ztiimotxi>^j:\^^o 'kSh<Dmm^i>zT^v ^ 
K:6^^ll^i-^fiJg{i. itmm^^^t\^^iDiXX\^^^ a^jl 2 0 r S Ttti-E-ttJ^JLi) 

0-2 0 or) > :t-r">^tcJ:^Mi^ (a-t. 13 0-2 8 or) 
^tL^iiRg^^tL^^coTfi^^v^o T^>;;WT^ K<7)f|^fi{±. 180t: 

Kmnmm:^^^9:< ^j:iXifmi]nir^ t^^t>tlX^^^o 
[0 0 4 6] 

o 

[0 0 4 7] 

[0 0 4 8] 
[0 0 4 9] 

(Jt^M 1 ) 

/hS^^S k g i:. :feia7 6 g. /6-^-t-v^ 1 6. 4g (^m* J^^■:^ h 

^1]^x.xmW\^fzl. 6 k g<7)7K*^^-9— iiiSAL. 1 8^rBl?I^ 



tBiiE# 2003-3089094 



#11 2002-363990 



^-'J : 12/ 



[0 0 5 0] 

> 2 0#:^30T-©^mLTiliS 1 . 5mm<Dm^^tLfZo 
[0 0 5 1] 

i^v^T^tL^Mia^> #-^i;ct 9 OfpfmmLfz^k. ±^5. 7 2%. iJ'*;!^^ 
^ymv-ri. 3 4%:^-^^^'>-V'7-?S (pH6. 80) ^Wl^X^fZo 
[0 0 5 2] 

[0 0 5 3] 

(Jtfc^J 2 ) 

'hW^ 5 k g t . 1 5 2 g . :^^^■rv> l 6 . 4 g (j^^:* 'J A . J^^:^ 
[0 0 5 4] 

HfifBa^^?r#'^lct^oTn-;i/JE]^LT. 0. 7 7mm<7)J¥$tL 
. 2 0#:^^-e^l9ttlLriliS 1 . 5 mm<7)|i|^i: L/Co 
[0 0 5 5] 

^v^-C^tL^ba^^. -^'ffit^J: "9 9 0#KSL7t:m. :i:Jtl5. 7 2%. ^'*;i^i5' 
^>^y-^l. 3 4%5&-?>^^ v^'7-?S (pH6. 8 0) ^M^LfCo 
[0 0 5 6] 

^<bil. Cn^M^^M:^ y h L. LT 1 5 0°C^7)y^°-A 

[0 0 5 7] 

(ifc^^fl 3 ) 



taiiE#2 003-3089094 



#11 2002-363990 



^-v: 13/ 



/hs^5 k g :i:t^7 6 g. /i-^-rv> 1 6. 4g {mMti')^-u, mM-f- V 

[0 0 5 8] 

^v^-e. flusBM^*^#i£tc|a&-QTn-;wjEMLT. 0. 7 7mmOJ¥^i:L 
. 2 0#:ft^-e^ai9mL-ri|iMl . SmmOM^^L/^o 
[0 0 5 9] 

^^v>T>r^i?3S|^^. 19 9 0#rHmL/jm> :i:Jta5. 7 2%. ^>-;L'rJ' 

^>^y-ir'l. 3 4%;i-6>^^v^7-?g (pH6. 80) ^Wi-^Lfzo 
[0 0 6 0] 

[0 0 6 1] 

(itmm 4 ) 

/h^5^5 k g i:. :i:ia7 6 g. /&^^■rv^ 1 6. 4g {BMiJ')^A. RM-^Y 

. m.mij)^yi^^-i^^ Q E^nvi^xmwLfzi. 6 k gOTfc^^^-^-- 

iilSAL. 1 85^rBlrIMLTil^jfe<h L/Co 
[0 0 6 2] 

^i:v>T% tfrfSM^%^'t'&t3t^o-cn-;i.JEMLT. 0. 7 7 mmOl?^ i: L 
> 2 0#:l|^-e^»)aiLTiIiSl . 5 mmOM^t Lfjo 
[0 0 6 3] 

m^^xz.iihmWi'k. S^itcJ: i9 9 om^W-Xfz'ik. -kMb. l 2%. 
^ymv-^l. 3 4%j6-^^^v^r'7-?^ (pH6. 80) ^fc^LfCo 
[0 0 6 4] 



miE#2 003-3089094 



#il 2002-363990 



^-v: 14/ 



Ltzo 

[0 0 6 51 

/h^^5 k g<h. :i:Jtl7 6 g. 6. 4g (^m^'J-^A, j^^^ h 

ij^Al^) , i£'fb*>'l-v'i7A 5 0 g^jDx.Tm#tfj 1. 6 k g<7)7K^<^^t- 

[0 0 6 6] 

^v^-e, Ht)f£M^lfe^'s'r*t3taaoTn-;UjEMLT> 0. 7 7 mmcoff:^ <h L 
^ 2 0#^^T-^l9aiLTi|iS 1 . 5 mmoajl^^ Lt^o 
[0 0 6 7] 

^v^TCtL^»*. -S-zitw ct 9 0#rBl^L/;|^. :ti£5. 7 2%. 
^ym.y-'fl. 3 4%:^>'^>^^>-Y7-?t (pH6. 80) *t5:^L/Co 
[0 0 6 8] 

^h\z, ^iih'mWi^^^-^ y ';x-f--tcTOtT 1 5 ot:o/N°-A 

LtZo 

[0 0 6 9] 

immm 2 ) 

/hS#5 k g i:, :i:Jt^7 6 g. 1 6. 4g h 

^]!]nx.T^r^L;t: 1 . 6 k gO^K^ ^ tc^A t. 1 8^ra?lM 
LTM^^t Lfzo 
[0 0 7 0] 

HuiBffl^^^'»-^tct^^oTn-;l.£b®LT. 0. 7 7 mm<7)/¥$ <h L 
^ 2 OWnJJX^y)liiLxmi . 5mm(Dm^^tLfZo 
[0 0 7 11 

^V^T^tL'^>ffl#t*. -^^StCct 19 9 0#PHmL/im. :fei£5. 7 2%. 
5>^V-^1. 3 4%. ia<b5^>'l^v'>A 2%7i-'b^'i)V^y-?^ (pH 6. 8 
6) ^Wn^LfZo 
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'^-v: 15/ 



[0 0 7 2] 
[0 0 7 31 

(mmm s ) 

/h»5 k g i:. :feia7 6 g. /0-^-rv^ 1 6. 4g U A. ;^^-:M- 

. ?Lm:^^V">'>A 2 5 g=^Jnx.T^#t7t: 1 . 6 k g OtK^ ^ 

[0 0 7 4] 

|fr|BM^%=l:#&tcta&o-Ca-;wi£]^L-C> 0. 7 7 mm<7)l¥^ ^ L 
^ 2 0#:l|^-e^«9{liLTi|iSl. SmmOMIt^ LfCo 
[0 0 7 5] 

^\^^xzrLhm^i. -^m^J:^^ 9 ofpmmLfz^. i^ms. 72%. 
<ymy~y i. 3 4 %5{»^e>^^i^-v7-?it (p h 6. so) ^tfc^L/jo 

[0 0 7 6] 

Lfzo 

[0 0 7 7] 

(H Wll 4 ) 

/h^^S k g<!:. :^:^7 6 g> ^-^-rt>l 6. 4g (^^*';>^A. h 
i;h7^^) ^ V)Va-y^ij)]y^yr^A\ 9 g^1mk.xmW\^fz\. 6kg<7)7K=^5 

[0 0 7 8] 

>x\^^x^ mum^^^'tmz'ijt'oxu-)v^m.Lx. 0. 7 7mm<7);p$it l 

. 2 O#:^^T'^0l9mL-ripSl. 5mm(DmmtLfZo 
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^-v: 16/ 



[0 0 7 9] 

m^^x^iihmu'^. -^-m^j^*) 9 om^ML fz^ik. ±iK5. 72%. 

^>mv-Vl. 3 4%/^/^'b=fc^i-^7-m (pH6. 8 0) ^mMX^fZo 
10 0 8 0] 

^h\z.^ :L')[Lhm^^'mM.iJ y \\^. x--t--lCJ|X^ LT 1 5 0 t:o/N°- A 
y*lCTl 2 0#rBly4Jilf^tfoT-/Mlfcf|ia^#7to COI^. HUlS^yft^lfa 

[0 0 8 1 ] 

(^M^J 5 ) 

/h^r^5 k g <h. :ftia7 6 g. 6. 4g (j^^* >; '^7 A , h 

V-^A^) . 3ta'f[:-^i5^*;t>v'>A 5 0 g^iJDx.T^r#Lfcl . 6 k g cOtK* ^ ^-f 

[0 0 8 2] 

•^v^-e, Htrf2a^^^#-SiC|^&oTn-;vJE^LT. 0. 7 7mm<7)|?$ t L 
. 2 0#^^-r^l9aiL-CiIiSl . SmnKOa^tt Lfco 
[0 0 8 3] 

i^v^T^n^MI^^Jr. -^iitiJ: 19 9 0#^mL;t:f^. :i:Jta5. 7 2%. 

^>^V-^'l. 3 4%75-^^^ (pH6. 80) ^»L/io 
[0 0 8 4] 

■ItL'bill^^:^*:^; h L. V T■-■:^- LT 1 5 0 t:<7)yN-- A 

m~^X \ 2 0#PBl;?ftmtf^^foTrftmif4'lia^#fjo -om. mrfS^vSJitfffl 

[0 0 8 5] 

5 k g <h . 7 6 g . ;el^^-t■ v> i 6 . 4 g (^^^^ 'j A , h 
V-^A^) . iafb-7i>*^-v':7A2 5 g^Jn^T^^L/cl. 6 k g<7)7K^^^-9- 
-Icl^AL. 1 8^P^?IMLTli^%^ Lfco 
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^-v: 17/ 



[0 0 8 6] 

. 2 0#^^-e^^ tbLTiIiS 1 . 5mm(7)m§^tLfZo 
[0 0 8 7] 

m^^rzfihmm^:. nm^^^ 9 o^pmrnLtim. ^^s. 72%. ^^)\^^ 

[0 0 8 8] 

Lfzo 

[0 0 8 9] 

(^liM 7 ) 

/h^5^5 k g :i:J^7 6 g. 1 6. 4g (^^:^ >; -^z.. b 

Lfzi. e k g<D7K^^^^-izi^xL. 1 s^mmmLxm^mtLfzo 

[0 0 9 0] 

>X^^X. mUM^M^'^m^Vt'^ru-)]^f±MLX^ 0. 7 7mm(Dm^tL 
. 2 0#^^-e^t)tBL-CiliSl. Smmcoa^t L/Jo 
[0 0 9 1] 

^^^XZKhmU'k. '^mzX n 9 0#^^L/^m. ±iM.5. 7 2%, 
^>mv-i^l. 3 4%75-(b^^->^'7-m (pH6. 8 0) ^t5:^L7^v:o 
[0 0 9 2] 

mizxi 2 ofpmmmif^n-^X'mmif^mm^nfzo -om. mt^^mmifm 

LfZo 

[0 0 9 3] 

(^»J8) 
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^-v: 18/ 



6 k g07fc^5^-9— ti^AL. 1 8^rBl?IMt-Cli^«l^ L/Co 
[0 0 9 41 

Hufiea^:Hfe^#Vit^t^o-Cn-;H±liL-r. 0. 7 7mmOl?$.i: L 
. 2 0#:ft3gT'^f)aiLTi|iil. 5mm<DmmtLfZo 
[0 0 9 5] 

m^^xzfihm^^i:. -^mi^^-x^ 9 om^mLfz^ik. 72%. 

<>my-y'l. 3 4%7^^<b^-?>v^'7--ijS (pH6. 80) ^WlAiLfZo 
[0 0 9 6] 

^tLibM^=S-^«:^7 y h L> ';x--t--tlTOLT 1 5 0'C<7)^N--A 

•y ytc v>tL. >^ - y it^ LT 5^ y B.mmmmi:mMLfzo 

[0 0 9 7] 

WJ 9 ) 

/hX^^5 k g <h. :feJta7 6 g, 6. 4g (^^r^ >; -^^ a, h 

V-t/A^) . iKb/si; .^A 2 5 g ^jjnx.-CMr#Lfcl . 6 k g<D7Ki ^ ^-^T-iz 
^AL. 1 8^r^?IMLTM^^t L;t:o 
[0 0 9 8] 

^A^^-C. mifaa^l&^'^Vit;t2eo-Cn-;i/J±5SLT, 0. 77mm<Dm^tL 
. 2 O^MJJ-CW^tHLXmi . 5mm<Dm^tLfZo 
[0 0 9 9] 

^\^^xzfihmm^. -^mz^y) 9 o^^mmLfz^k. ^ms. 72%. 

^>^V-^-l. 3 4%75^^>^^ v-v7-?R (p H 6. 80) ^tic^L/Co 
[0 10 0] 

^hiz^ ^rnbSH^^*:^ >y h L> ■r-:^-^IiDl^LT 1 5 Ot:<7)/N°-A 
yAHTl 2 O^rBlyftJitf^rtfoTyi^lftfM^tffCo HfrfE#-/*mtfa 

Lfzo 

[0 10 1] 
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^-v: 19/ 



(mmm i o ) 

/hSi^5 k g :feig7 6 7&-^-rv^ 1 6. 4g i^m^J V ^ A . Rm.i- V 
Vy^m > 1^m^-ife2 5 gS:J!jnx.T»L/i 1 . 6 k g O^K^ ^ ^"9-- 

A L. 18 ^mmm l -ca^^^ t l fco 

[0 10 2] 

^^v^-e. BUfSa^*fe^#aiCt^-:>Tn-;i/JEj^L-r. 0. 7 7mm(Dm^tL 
[0103] 

m^^xznhmm^. nm^xfodo^^mmLtzm. ik^5. 72%. 

^>mv-^l. 3 4%7)^^^^v + '7-fi^ (pH6. 80) ^Wi^LfZo 
[0 10 4] 

[0 10 5] 
1 1 ) 

/h*5^5 k g :^Jtl7 6 g. ;5-^-rvM 6. 4g (Rm^J -i^ . RM-f- h 
[0 10 6] 

HfrfEa^ilfe§:#-S(Ct^oTn-;i/i±^LT. 0. 7 7mmOl?$tL 
^ 2 Ol=:^3rj-e^i)aitTiliil . 5 .mm^oaia<h L/Co 
[0 10 7] 

m\^^xztihmm^. -^mzx^ 9 om^ML fz^k. ±m5. 72%. ij'-;!/^ 

<ymy-ri. 3 4%75^<b'^^v^'7-?^ (pH6. so) ^tJ:;fijL7t:o 

[0 10 8] 

•mzx 1 2 ofpmmmif^n-oxmmi'f^mmtrnfzo -<7)m> mM^^-mmifm 
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^-v: 20/ 



[0 10 9] 

mmm 12) 

/hS^5 k g :i:ta7 6 g. ^^Ai-v^ 1 6. 4g (^^^^^'J-^a. h 
> il<b^z:$3^2 5 g^tipx.-c^tS^L7t 1. 6 k g<7)7K^^^•^f-^3^s: 

[Olio] 

•^v>-e. BUIE®^*fe^S-^tlt^&o.Tn-;H±^L-C. 0. 7 7 mmOl?^ ^ L 
. 2 0#:^^T*^0 mtmiS 1 . Smmoait^ L;'Co 
[0 111] 
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